MopaenupoBanue onbiTa MULJIMKeHA

1. Unest 3xcnepuMeHTa

Knaccuueckne ombitel Mumukena (R. Millikan) u ero momomnunka
®neruaepa’ (H. Fletcher) [1, C.87] nampaBiieHbI Ha IPSMOE IOKA3aTEIbCTBO
JUCKPETHOCTH 3JEKTPUYECKOTO 3apsga M ONpeAeiICHHE DIIEMEHTapHOIO
IIEKTPUIECKOTO 3apsiia.

Teopust OblIa IPEUIOKEHA B 1906 — =y
rofy, OKCIIEDHMEHTHI IIPOBEICHBI B
++++++ + FE

+4++++++

1909-1914 roaax. R PR _Q
DKCIepUMEHTAIbHBIN METOJT T ?

api
3aKIH0YaJICsa B HCIIOCPCACTBCHHOM %ﬁ“ﬁ AT MAanTa
HU3MCPCHHUHN 3apsa OYCHb MAJICHBKHX
Karesek macna. Macio mpu JABWKCHUH  pospyx o It
Mo TpyOe OIEKTPU3YETCSA, a 3aTCM, e ——— ¥
pa30OuBasCh Ha Karlid, MOMaJaeT MEXIy Puc.1. Cxema omnbiTa
06KJIaI[KaMI/I TOPHU30HTAJIBHO

pAacIojoKeHHOTO KOHJIeHcaTopa (puc.l).

2. J/IBH:keHUE 3aPSAKEHHOM YaCTHLBI B 3JIEKTPUYECKOM I10JIe
[IpoBeaém cTporoe penieHue 3a1a4u O JIBUKECHUU 3apsKEHHOW YaCTHULIBI B
OJHOPOJIHOM D3JIEKTPUYECKOM T0JIE B BA3KOM cpene. JlaHHOE JBUXKEHHE
ONUCHIBAETCA CICAYIOIIUMU YPAaBHEHUSAMU
md—V:IEA+(§+IfC+Ife, d—r=\7, (2.1)
dt dt
roe G=mg=pV § — cuia TIKECTH, IEA =—-p,V § — cwia Apxumena, Ife =qE —
CUjla, JCUCTBYIOIIAs Ha 3apsDKEHHYI0 YacTHIy B JJEKTPUYECKOM IIOJIE C

HAIPSUKEHHOCTBIO E, mpuuém E, =—A—I;0:—U—DX, rae Ap=U, — u3MeHeHue

noTeHIMana (HampsHDKeHHWE) MeXIy OOKIaJKaMH KOHJEHCAToOpa, B3ATOE CO
3HaKoM, D — paccrosiHEe Mexay oOKiIaakamMu KoHAeHcaropa. F. =-3zndv —
cuJia BSI3KOTO TpeHHMs, ornpeaenseMas 1o 3akony Ctokca (G. Stokes) [1, C.117].

s N
3mecy d— gmamerp, o — IIOTHOCTh, V = Eds —00bEM  Kamu, 71—

BA3KOCTb, Oy — IJIOTHOCTB CPE/BI.
B npoeknusax Ha BepTUKaIbHY0 0cb OX, HAPABIECHHYIO BHU3, IOJTyYHM

7d?® dv zd?® qu
——=*=(p-p,)—9—3ndv, ——=,

50)0%1

! ®neruep Xapeu (Harvey Fletcher) (11.09.1884 — 23.07.1981) — amepHKaHCKHH (U3HK.
URL.: https://en.wikipedia.org/wiki/Harvey Fletcher
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dv, 187 _(1_&jg 6qU,  dx 2.3)

2 'x T TR o e
dt pd Yo, prd°D  dt

BBeném 0003HaueHUS.

2
T= % — XapakTepHOe Bpems, Vg = (1—&)gz' — mpeaenabHas CKOPOCTh MPH

n

6qU, qu,
JBIKEHUM  0€3  DIEKTPHYECKOTO  MONA, Vi, =—— 5T =————"—
prd°D 37dDn

npejenbHas CKOpOCTh, JOCTUTaeMas IoJ] ACHCTBUEM JJICKTPUUIECKOTO MoJisi 0e3

CHUJIBI TSDKECTH. B 3aBUCMMOCTH OT MOJISIPHOCTH HAIPSLKEHUS W OT 3HAKa 3apsija

OHAa MOXXET OBITh KaK IMOJIOKUTEJIbHOM, TaK W OTpHUIlaTeNIbHOU. Tak ecnu 3apsa

KaruTi OTPHUIIATENIbHBIN, a MOJISIPHOCTh COOTBETCTBYET PUCYHKY 1, TO Viyy < 0.
Torna

dv. 1 V. +V, V* dv dt
Xy =S I—X: —,
dt ¢ T Vo +Vy =V 1 7

ty

Vo

A€ HMCIOJIB30BAHO HAYaJIbHOC YCIIOBHUC Vx |t—t = VO' HCHyJ'ICBBIC HaYaJIbHBIC
=l

YCIIOBUA UCIIOJB30BaHbI IIOTOMY, YTO B IIPOLECCC ABMIXKCHUA IMapaMCTPhI 3aJa4u

MCHAIOTCA, HAIIPUMCP, CKAYKOM 6y,[[€T MCHATBLCA 3apsAa KallIn.
B utore IIoJIy4acM

Vg +Vy —V t—t —
G U _ 0 —
In XX = , i V, = (Vg + V) +(Voy =V — V)€ 7 - (2.5)
Vi + Vi — Vox T
Jlanee nieM 3aBUCHMOCTD KOOPAWHATHI OT BpEMEHH
X t
J dx = vadt, C Ha4aJIbHBIM YCJIIOBUEM X|t:t =X, .
X0 ty i
[locne nHTErpupOBaHUS UMEEM
b
X—Xo = (Vg + Vi, ) (E-1) + (Vo —Vg =V ) 7| 1—€ 7 | (2.7)

VpaBaenus (2.5) u (2.7) TOJIHOCTHIO JAIOT PEIICHHUE 3aaUH.
Takke MOXXHO 3amucaTh CBSI3b MEXKIY KOOPJIWHATOM M CKOPOCTHIO B
100011 MomeHT Bpemenu. U3 (2.5) cnenyer
Vi = Ve
Vox = Ve
[Toacrasmsts B (2.7) umeem Gopmyiry
X=Xy = (Vg + Vi ) (t-15) = (V, = Voy ) 7,
KOTOpast TAK)KE MOYKET TIPUTOAUTHCS.

t-ty
B VUX — e T

— Viux
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3. Jl)ist YMCIEHHBIX PACYETOB

s IPOTrPaMMHUPOBAHHS yaobHee IIPOBECTH najbHenIee
o0e3pa3MepHBaHKe TIEPEMEHHBIX.

Karuist mpu mpoTeKaHuH M0 TPYOe DIIEKTPU3YETCS OTPUIIATENLHO, TOTIIa €&
sapsag 0=-Nle|, rme N=0,1,2,3..., a |e] — amemenrapubiii 3apsa. Torma
_lelu,

VUx -
3zdDn
\'
BBeném Oe3pazmepHOe Bpems: T :L, 0e3pasmepHyto ckopocth V =—. Torma
T A

v, 6lelU .
— = lelV, N =aN, To ecTh B ypaBHEHHUSIX OCTAETCS OJIUH MapaMeTp

Ve B ﬂd3D(p—p0)g

_ 6le|U, __Fk, | (3.1)
7d*(p-p,)9D  G-F,

[Tpu yxazannoi nomsipaoctr a<0.

VYpaBuenus (2.5) u (2.7) npyHUMAaIOT BUJT

V, = (1+aN)+(V,, —1—aN)e™ . (3.2)
X = Xo ={(1+aN)(T -Ty)+(Vy, ~1-aN)(1-e T ™)}, (3.3)

X
rome X =—.
VT

4. AHaJn3 penieHust
bynewm cumtath, 4TO y HAC €CTh TPHU dTama JBUKCHUS.
1) Iepesiid stan. 0<T<T;. To=0, V=0, U,=0 — HampspkeHHEe BBIKIIOYEHO, YTO
paBHOCHIIbHO N1=0. YpaBHEeHNE NJIT CKOPOCTH MPUHUMAET BH/T
V, =1-¢e".

2) Bropoii stam. T:<T<T,. To=T;, Vo, =Vi(T1), N=N, — 49T0o paBHOCHIBEHO
BKJIFOUEHHOMY HAIIPSKEHUIO.

V,, =@+ N,a) +(V,,(T,)-1-N,a)e" .
3) Tperuit sram. T,<T<Ts. To=T,, Vox=Vox(T2), N=N3 — 49T0 paBHOCHIBEHO
M3MEHCHMIO 3apsijia MoJ JEeWCTBHEM CBETa, IIPHU HMOHHU3AIMH BO3JAYyXa MEXIY
IJIaCTUHAMU KOHACHCAaTOpa (HalpuMep, IPY MTOMOIIHA PEHTITCHOBCKUX JTyUeH).

V,, =L+ Nya) +(V,, (T, ) —1-Nya)e™ .
Pacuétpl mokasmIBaloT, 4TO 3a BpeMs MOpsAaKa 37 CKOPOCTh JOCTHUTAET

95% cBoero makcumanbHoro 3HaueHust [2. C.60] m nBHXKEHHME CTAaHOBHTCS
NpaKTUYECKH paBHOMEPHBIM. Torma

lemax :1’
V,mx =1+ Noa, wm V,, ... —1=N,a, (4.1)
Viomax =1+ Nga, wmm V, . —1=N,a.
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Torna ypaBHeHHs J11 CKOPOCTH MOKHO NIepenucaTh B BUJIe YA00OHOM IS
pUCOBaHUs rpaPUKOB

Vv, =1-e",
V2x :V2x max + (le(Tl ) _V2x max)eTl_T ' (42)
V3x V3x max + (VZX(TZ )_V3x max)eTz_T '

N3 (4.1) cnenyer
N3 :stmax _1 (4 3)
—S = :
N, V. -1
TO €CTh MOXXHO HAWTH OTHOIICHWE 3apsSJ0B W JO0Ka3aTh, YTO OHO pPaBHO
OTHOIIECHUIO HEOOJBIITUX MEJIBIX YUCE.
3ameTuM, 4TO B ATy (OPMYITYy BXOIAT TOJBKO CKOPOCTH, KOTOPHIC H
U3MEPSUTACH B OKCTICPUMEHTE.
[Ipomomkas 3TH pacCyKICHHS, MOKHO TTOYIUTh (HOPMYITY IS pa3HOCTH
3apsI0B

2X max

V2x max
: (4.4)

V3xmax -
N, — N, ==

Ecan pacCuUuTaTh BCINYUHY a, IJIA KOTOpOﬁ, B CBOIO 04YCpPCAb, HAIO 3HATDH
o o 2
QJICMCHTAPHBIN 3apsAd, KOTOPBIU 110 COBPCMCHHBIM JAHHBIM PABCH

|le|=1,6021766208(98) -10°K,

TO, TTOJY4YHB CUCTEMY YPABHEHHUI, MOKHO HAWTH KAXKJIBIWA 3aps]l B OTICIbHOCTH

aAN

N, No="—
N, , -4
N.— N, = AN N, = AN
P  a-1

B pa3zmepHoM Buze hopmyisl (4.3) u (4.4) umerot Bup [3, C.14]
& . Vaxmax ~ Vo

Qo Voymx Vo ’
ﬂng(p—po)g Vaxmax ~ Vaxmax
6U Vg '

X

0; -0, =

MoO>XHO HamMcaTh U TaK
N,—-N :V3Xmax_V2xmax :37mdD(v -V ), av, = ==
3 2 3Xx max 2xmax /! G
avg le|U, 3zndD  F,

rae Kod(pGUIUEHT BA3KOCTH, KaK TPYJIHO H3MepsieMasi BEJIMYMHA, MOXKET OBIThH

_1ely, _F

235ech U ganee MPUBOJATCA 3HaueHUs KOHCTaHT, pekomeHayemblx CODATA (anrm.
Committee on Data for Science and Technology — Komuter mo naHHBIM ISl HAYKH |
TeXHUKH) 10 coctostarto Ha 2014 r. B kpartkoit 3ammcu nmupsl B CKOOKax — aOCOTIOTHAS
MOTPEUIHOCTh B pa3pagax  JABYX  IocieiHux  1udp.  [DneKTpoHHBIN pecypc].
URL.: https://physics.nist.gov/cuu/Constants/index.html.
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paccuuTaH Kak

2
_ (p—pp)ad
18v,
Ecnu mpoBecTH OMBIT HECKOIBKO pa3, TO MOXKHO TNOJY4YUTh HAOOp
3Ha4YCHMUM 3apsiia. MUHUMAaNbHBIN U3 HUX (WU TEHACHIMS K MUHUMAILHOMY
3HAUYEHMIO) U OyJIET paBEH AJIEMEHTAPHOMY.

n

5. Pe3yabTarsl onbiTa MuJuInkeHna

OOnyuast KaIlll0O HECKOJIBKO pa3 M MEHssl HampspkeHue, MuinkeH
IIPOBOAWJI C OJHOM Kamjied MHOTO OnbITOB. M3Mepss CKOpOCTHM ManeHus H
noabEMa Karulv, 3KCIIEPUMEHTATOpP PacCyuTal 3aps] 3JIEKTPOHA, KOTOPBIM IO
€ro  JaHHBIM  OKa3ajcs
paBHBIM

e=-1,5719736-10"°Ku.
B omnpiTe uCnonb30BAINUCH
CIEAYIONIUE TapaMeTphbI:

U =5085 B;

D =16 mm;
p=919,9 kr/m’;
0o =124 KT/M,
r=2,76 MKkM

(d = 5,52 mxm).

CkopocTh majeHust y
Hero momyumiace 8,58-107
Mm/c. Tlo dopmymnam (4.1)
TIOJTy4aeTCsl HECKOJIBKO
WHas BCIIMYMHA, TaK Kak
MUWIUIMKEH  WCIOJb30Ball
YTOYHEHHYIO (DOPMYITYy IS
cunel  Crokca [4, §90,

C.404]. Prrc. 2
0O . ' HucC. £.
. DU cTaTbl Millikan's Oil Drop apparatus, c. 1916.
YUY4EHOT'O MOYHO - .
OCMOT . Exhibit in the Museum of Science and Industry,
PETH 31€Ch: . ..
Millikan R. A. On the Chicago, lllinois, USA
elementary electrical charge and the Avogadro constant. The Physical Review,
1913, Series Il 2: 109-143. [Onekrponnsiii  pecypc]. URL:

https://history.aip.org/history/exhibits/gap/PDF/millikan.pdf. (C.124).

B 1911 (uu 1912) roay anamoruusbie onbIThl poBoamt A. @. Modde ¢
IIUHKOBBIMH ITBUTMHKAMH. 3J€Ch YK€ HE YYHTHIBAJIOCh HCIAPCHHUE Karlelb.
BennuumHy 31memMeHTapHOTO 3apsjia OH He paccumrtai. Ho, mpoBeast 1momgoOHbBIH
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3
onbIT B 1925 roay Bmecte ¢ H. 1. JIoOpoHpaBOBEIM®, HECKOJILKO BHUOU3MEHUB
ONBITHYK) YCTAHOBKY M HCIIOJIb30BaB BMECTO IIMHKA NBUIMHKA BHUCMYTa, OH

noATBepAua Teoprto GhoTodrddexra.

6. Onucanue yCTAHOBKHU

P gl gndigg

|-
w

Pucynok 3. Cxema ycTaHOBKM MusuinkeHa

B xamepe C 6b11 mOMENIEH MIIOCKUI KOHJEHCATOP U3 KPYTIIBIX JTATYHHBIX
wiactud M u N quameTtpoM 22 cM (paccTosiHUE MEXTy HUMH ObLIo 1,6 cm).

B neHTpe BepxHEH IUIACTHHBI OBUIO CIETAHO MAJEHBKOE OTBEPCTHUE P,
CKBO3b KOTOPOE€ NpOXOIWiu Kamiu Macina. [locnenHue oOpa3oBBIBAIUCH MpU
BJIyBaHUM CTPYU MacJia C MOMOILbIO PACIbUIUTEIS.

Bo3ayx mnpu 3TOM TpeABapUTENIbHO OYHUINAJICA OT TMbUIM MYTEM
MPOMYyCKaHus yepe3 TpyOy co CTeKIsTHHOM BaTou. Karmiu macina umenu quameTp
nopsiaka 1-5 MKM.

OT akKyMyJATOpHOM Oartapeu B Ha MIAaCTUHBI KOHACHCATOPa MOIaBaIOCh
nanpsokerne nopsgka 10° B. C IOMOIIBI0 TEPEeKIIOYATeNsi MOXHO OBLIO
3aKOpayMBaTh MIIACTUHBI U 3TUM Pa3pyIlaTh JIEKTPUUECKOE TOJIE.

Kamnu macna, momangaBimme mexay TuiactuHamMu M u N, ocBemanuch
CUJIbHBIM HUCTOYHUKOM. [lepreHIUKyJISIpHO HaIMpaBICHUIO Jy4del uYepes
3pUTENBHYIO TPYOy HAOII01aJI0Ch TTOBEICHUE KaIlelb.

HNonbl, HeoOXoaumble Uil  KOHACHCAIIMM  Kamejdb, CO3/1aBAJIHChH
M3JIy4eHUEM Kycouka paaust Mmaccoil 200 Mr, pacnoJIO)KEHHOTO Ha PaCCTOSIHUU
ot 3 10 10 cM cOOKy OT MJIACTHH.

3 JloobponpaBoB Huxonaii HMBanoBuu (1891-1949) — coserckuit ¢usuk. Pommics B
[TerepOypre. Oxonuwmn IletepOyprekuit yu-T (1915), Tie padoran g0 1919. C 1919 8 I'PPU,
c 1921— B I'®TPU (c 1931 JI®THU), onnoBpemenno B JIITN (1920-1940), 3aB. kadenpoii
HUOU JIT'Y (1935-1942), 3aB. kadeapoii Bricuiero mopexoanoro yumnuma (1938-1942). B
1942-1949 wmmnuc, 3arem cHc PUAH. PabGotel B obmactu ¢(u3MKM TBepaoro Tteina Hu
(bu3nyecKoro NpubOPOCTPOCHUSI.
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C 1noOMOWIBK  CHEHUAIBHOIO  YCTPOMCTBA  ONYCKAHWEM  IOPILIHSA
IIPOU3BOAMIIOCH pacuiMpeHue rasa. YUepes 1-2 ¢ mocne pacmmpeHust paauid
YOAIAICA WIM  3acCJOHSJICS CBHHIIOBBIM JKPaHOM. 3aTeM  BKIIIOYAJIOCh
3JIEKTPUYECKOE TI0JI€ ¥ HAYMHAJIOCh HAOIIOJEHHUE Kallelb B 3pUTENIbHYIO TpYyOYy.
Tpyba wumena mkamy, IO KOTOPOH MOHO OBUIO OTCUUTHIBATH IIyTh,
IPOMACHHBIM Kalule 3a ONpPEACNEHHBIM IPOMEXKYTOK BpEMEHH. Bpems
(bUKCHPOBAIOCH 110 TOYHBIM YacaM C appPETHPOM.

B  mpomecce Habmomenuii  MwmmukeH — OOHapy>KuJ  SIBJICHHE,
IIOCIYKMBIIEE KIIOYOM KO BCEH CEpUM NOCIEAYIOIMX TOYHBIX H3MEPEHUU
OTJIEJIBHBIX DJIEMEHTAPHBIX 3aPI0B.

«PaboTast Ha;m B3BEHICHHBIMH KalULSIMH,— THIIET MWIIuKeH,— s
HECKOJIBKO pa3 3a0bIBall 3aKpbIBaTh UX OT JIyded paaus. Toraa MHE CIydasoch
3aMedarb, YTO BpeMsl OT BPEMEHM OJHA M3 Kallellb BHE3aIIHO M3MEHsIa CBOU
3apsA M HauyuHajga JBUraTbCs BJOJb IIOJS WM IPOTUB HEro, OYEBHJIHO,
3aXBaTMB B IIEPBOM CJlydyae [IOJOXKUTEIbHBIM, a BO BTOPOM Clydae
OTPULATEIBHBI  MOH. OTO  OTKPBIBAJO  BO3MOXHOCTH  M3MEPATH  C
JIOCTOBEPHOCTBIO HE TOJIBKO 3apsi/ibl OTACIBHBIX Kallellb, KaK 3TO s JeJIall 1O TeX
1Op, HO U 3apsiJl OTJAEIBHOI0 aTMOC(EPHOTo HOHA.

B camowm nierne, uamepsis CKOpOCTh OJHOM U TOM K€ KaIllv JIBa pas3a, OJvH
pa3 1o, a BTOpPOW pa3 IOCIE 3axBaTa MOHA, s, OYEBUJHO, MOT COBEPIICHHO
VCKJIFOYUTh CBOMCTBA KaIlJIM M CBOWCTBA CPENBI U ONEPUPOBATH C BEIMYMHOM,
IPONIOPLIHOHAIBHON TOJIBKO 3apsiy 3aXBAYEHHOTO NOHAY.
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